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LED DRIVER HAVING NON-LINEAR
COMPENSATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to light emitting
diode (LED) driver circuitry and in particular to LED driver
circuitry that utilizes brightness control having non-linear
compensation circuitry.

2. Description of Related Art

Light emitting diodes have many applications, including
backlighting for liquid crystal displays (LCDs). A typical
backlight system may introduce non-linearities between a
requested brightness and the actual light output. FIG. 1 is a
graph from a typical LED data sheet depicting the forward
current of the LED versus the relative luminous flux. As can
be seen, the luminous output does not increase linearly with
the forward current. By way of example, for a forward current
value of 20 mA, the relative luminous flux value is 1 but when
the current is increase by a factor of four (80 mA), the flux
value is only at 3.5.

In addition to non-linearities introduced by the LEDs
themselves, there are issues relating to non-linearities of
human perception. FIG. 2 includes a set of curves taken from
“Perceptual Uniformity of Digital Imaging” by Charles
Poynton (2010), which illustrate the non-linear human
response to various levels of light. Among the curves is a
curve labeled 0.01 L*(T) which is based on the CIE L* model
ot human response to lightness produced by the International
Commission on Illumination. As can be seen from these
curves, the human perception of light increases dramatically
for changes at lower light levels and becomes relatively linear
at higher levels.

For many LED drive applications, tight control of LED
linearity is important. By way of example, in Content Aware
Backlight Control (CABC) applications (sometimes also
referred to as Content Adaptive Brightness Control), the LED
backlighting brightness is intelligently controlled by analyz-
ing the LCD content. Although this technique reduces power
consumption, the LCD pixel brightness must be precisely
matched by the changes in the LED backlight brightness.
Non-linearities in the backlight system can make this match-
ing more difficult.

In some applications, it is desirable to control the back-
lighting in a manner such that the LEDs are ramped up and
dimmed in a non-linear manner. By way of example, a pleas-
ing diming action can be produced by turning the back light-
ing off starting at a fast rate and ending at a much slower rate.
Other logarithmic or exponential functions for backlighting
control are sometimes desired.

Prior art approaches to compensating for non-linearities
and for creating non-linearities frequently use a look-up table
of'one form or another. The problem with this approach is that
alarge number oflook-up table points must be used to achieve
a reasonable degree of compensation accuracy thereby mak-
ing programming relatively difficult and requiring an
increased amount of memory. Hardcoded look up tables are
more space efficient but provide less application flexibility.
Analog solutions generally do not provide programmability
to support multiple curve shapes.

There is a need for improved LED drive circuitry having
non-linear compensation that can provide precise compensa-
tion, can be easily re-programmed and which enables mul-
tiple compensation curves to be easily implemented. As will
become apparent to those skilled in the art upon a reading of
the following Detailed Description of the Invention together
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2

with the drawings, the present invention successfully
addresses these short comings of the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a graph of a typical LED showing forward current
versus relative luminous flux.

FIG. 2 a graph of a model of human vision response to
lightness showing that the response is non-linear.

FIG. 3 is a block diagram of an LED backlight driver
integrated circuit product which utilizes non-linear compen-
sation circuitry in accordance with one aspect of the present
invention.

FIG. 4 is a diagram of an exemplary brightness control
block used in the FIG. 3 circuit which utilizes non-linear
compensation circuitry.

FIG. 51is an example of a parametric quadratic Bezier curve
of the type which can be utilized in the non-linear compen-
sation circuitry of the FIG. 3 circuit.

FIG. 6A shows an exemplary non-compensated curve
similar to the human vision response of FIG. 2 and FIG. 6B
shows a corresponding quadratic Bezier curve for compen-
sating the FIG. 6A curve.

FIG. 7 is a state machine for controlling the arithmetic
logic used to produce a compensated drive output.

FIG. 8 shows the logic resources used to carry out the
arithmetic operations in order to produce the compensated
drive output.

FIG. 9 is a flow chart illustrating how the state machine of
FIG. 7 controls the FIG. 8 logic used to produce the compen-
sated drive output.

DETAILED DESCRIPTION OF THE INVENTION

Referring again to the drawings, FIG. 3 is a block diagram
of'a LED backlight driver integrated circuit product 20 along
with associated external components. A switching boost DC-
DC converter is provided for producing a variable output
voltage Vout. An internal low drop out (LDO) linear voltage
regulator 23 is included for providing operating voltages for
the internal driver circuit components.

Vout is applied to the anodes of the outermost external
LEDs located in the six LED banks LED1-LED6. Each LED
bank is capable of driving one or more series connected
LED:s. A head room control block 24 senses the LED drive
voltage and causes the DC-DC converter to adjust the value of
Vout to accommodate the LED block having the largest for-
ward voltage plus a small voltage for headroom. Thus, the
boosted output voltage Vout is sufficiently large to allow
proper LED driving but not too large so as to waste power. An
LED current sink block 26 includes six separate digitally
controlled current sinks for precisely controlling the drive
current though each of the LED banks. A fault detection block
28 operates to detect various faults, such as an open LED,
along with over current and over voltage conditions.

The brightness of the LEDs is controlled by a Brightness
Control block 30 that allows various method of brightness
control. Some details of the Brightness Control block are also
shown in FIG. 4. The brightness can be controlled using
100% PWM control or 100% Current control or a combina-
tion of both. An external PWM signal is provided which is
received by detector 32 which measures the duty cycle of the
signal and produces a 12 bit PWM value indicative of the
measured value. That PWM value is used to produce the
PWM signal on line 34 (FIG. 4) and also used to produce the
12 bit Current signal on line 36. The 12 bit PWM data are first
passed through a Temperature Limiter block 38 and a Curve
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Shaper block 40. An Adaptive Dimming block 42 operates to
select either 100% Current control, 100% PWM control or a
combination of both for controlling LED brightness.
Although many of the details of the Adaptive Diming block
42 are not relevant to the present invention, under some cir-
cumstances it has been found that improved performance can
be achieved for using PWM control for low brightness levels
and Current control for higher brightness levels. By way of
example, for LED brightness up to 25% of the maximum
value, brightness is controlled using PWM. For LED bright-
ness above 25% to 100%, brightness is controlled using Cur-
rent control where a 12 bit current value operates to control
LED current using a digital-to-current level converter circuit.

When in the PWM mode of operation, the Adaptive Dim-
ming block 42 produces a 12 bit signal which is passed
through a Dither block 44 and is then converted to the PWM
signal on line 34 by a PWM generator block 46. The Dither
block permits the PWM signal to be dithered between two
digital values to simulate a brightness level halfway between
the two digital values. When in the Current mode of opera-
tion, the resultant 12 bit value from the Adaptive Dimming
block 42 is passed though a Non-Linear Compensation block
48. Block 48 allows the 12 bit Current signal to be compen-
sated in accordance with one aspect of the present invention.
Such compensation may be for many purposes including, by
way of example, compensation for any non-linear relation-
ship between drive current and LED luminance as shown in
FIG. 1 or compensation for human perceptual non-linearities
as depicted in FIG. 2 for example. Further, such compensa-
tion may be for the purpose of introducing non-linearities to
create the logarithmic or exponential ramping/dimming func-
tions previously noted.

As will be explained, several different compensation
curves can be effectively stored in Brightness Control block
30. An I°C compatible synchronous serial interface allows
data corresponding to these curves to be easily programmed
and reprogrammed. Two interface lines SDA (Serial Data
Line) and SCL (Serial Clock Line) form a bus, with devices
on the bus operating as a master, a slave or both. The LED
driver in this example uses an I°C interface device 50 which
operates as an 1°C slave, as indicated in FIG. 3.

One aspect of the present invention is the use of a paramet-
ric quadratic Bezier curve, an example of which is depicted in
FIG. 5. As is well known, such a curve defines a path 52
between two points (such as P, and P,) in terms of a control
point (such as P,) and a parameter such as t that varies
between 0 and 1. The path (curve) 52 defined by these three
points passes from point P, to point P, as t is increased from
0 to 1. A graphic explanation of the manner in which the
Bezier curve 52 is produced may be helpful. A line P,-P,
includes a point Q, which is located at P, when t=0, with Q,
moving from P, to P, as tincreases to 1. Point Q, is shown at
t=0.25. A second line P,-P, includes a point Q, which is
located at P, when t=0, with Q, moving from P, to P, as t
increases to 1. Point Q, is also shown when parameter t is
equal to 0.25. A further line defined by Q,-Q, is coincident
with line P,-P, at t=0 and becomes coincident line P,-P, at
t=1.0. Function B(t) moves along a path tangent to line Q,-Q,
to produce curve 52. Thus, at t=0 when the curve 52 leaves
point P, (at which time line Q,-Q, is coincident to line P,-P, ),
the curve is tangent to line P,-P, (and thus line Q,-Q,). When
the curve arrives at point P, at t=1.0, curve 52 is tangent to line
P,-P, (and thus line Q,-Q), ). Point B(t) is shown when t=0.25.

The quadratic Bezier function B(t) is as follows:
B@)=(1-1?Py+2(1-1)tP \+2P5 1)

where parameter t varies from O to 1.
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It is possible to generate compensation curves for use in
LED driver applications using, by way of example, the Bezier
function of equation (1). It is preferred that the compensation
curves be normalized to a space between 0 and 1 for both the
X andY dimensions. In that case, point P, becomes (0,0) and
point P, becomes (1,1). Thus, the Bezier function of equation
(1) becomes simplified as follows:

B@)=2(1-DtP+£ )

where parameter t varies from 0 to 1.

Equation (2) can be used to define the entire compensation
curve in terms of the single control point P,. An appropriate
compensation curve can be readily selected using only P1
based upon the desired form of compensation. By way of
example, a control point P, value can first be established that
matches the uncompensated curve, such as the curves of FI1G.
2 relating to perceptual non-linearities. FIG. 6A shows a
Bezier curve selected to match one of the curves of FIG. 2.
This can be carried out by various methods including select-
ing various values of P, by trial and error until a best fit is
achieved. Given the nature of the Bezier function, it is pos-
sible to produce a relatively precise fit for many uncompen-
sated curves. In this example, the control point is (0.00, 0.63)
in terms of respective X and Y coordinates. Once P, has been
established for the uncompensated curve, the control point P,
for the corresponding compensation curve 56 shown in FIG.
6B is produced by simply interchanging the X and Y values.
When data relating to the uncompensated curve 54 is com-
bined with data relating to the compensation curve 56, the
result is a linear response in this example. Compensation
curve 56 can be effectively retained by storing the value of P,
within the compensation circuitry of block 48 (FIG. 4). In the
present example, the X and Y values each expressed by a 12
bit value.

Equation (2) can be rewritten in terms of X and Y as
follows:

x=2(1-D)tx +12 3)

and

yo2(1-Diy A Q)

where x_ and y,. are the fixed X and Y

coordinates of the control point P1

of the compensation curve.

During operation, Non-linear Compensation block 48
(FIG. 4) receives an uncompensated LED drive signal in the
form of a 12 bit value from the Adaptive Dimming block 42.
In order to produce a corresponding compensated 12 bit LED
drive signal, this 12 bit value is inserted into equation (3) as x,,
with x; being the input from the Adaptive Dimming block 42
provided to the Non-Linear Compensation block 48. Equa-
tion (3) is then solved to determine the corresponding value of
parameter t, with parameter t defining the point on the com-
pensation curve which corresponds to x,. Once parameter t
has been solved, it is substituted into equation (4) so that the
corresponding 12 bit value of y,, on the curve can be found.
This compensated value of y, is then used to produce the 12
bit Current signal on line 36 (FIG. 4) to drive the LEDs.

Since a particular compensation curve can be expressed
entirely by a single control point (x_, y.) comprising a total of
only 12x2 bits (assuming 12 bit resolution), the non-volatile
memory typically used to stored the control point is used
efficiently.

One approach for performing the above-described arith-
metic computations includes the use of logic circuitry. The
hardware can be implanted using Verilog, a well known Hard-
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ware Design Language (HDL). Since the LED brightness
update rate for x, is often much slower than the digital clock
rate of the drive circuit, multi-cycle iterative math techniques
can be used to reduce the size of the logic. By way of example,
the multiply, divide and square root functions to be described
in connection with FIG. 8 can all be implemented using
multiple add/shift and/or subtract/shift operations. The bit
depth of the computation is a parameter that can be changed
at instantiation, with the default width for the data path being
12 bits in the present example.

In order to simplify the solution of equation (3), the equa-
tion can be rearranged as follows to allow the solving of
parameter t:

x=2t=22)x 41
or
x=(1-2x)2+2x 1
or

0=(1-2x )2+2x 1-x; ©)

The standard quadratic equation is as follows:

t=[-bx(b’~4ac)?)2a (6)

Substituting the values for a, b and ¢ from equation (5) into
equation (6) results in the following solution for parameter t:

M

Note that equation (7) can be further simplified by remov-
ing the factor 2 from the numerator and denominator and by
eliminating the negative solution since t is constrained to vary
from O to 1. Equation (7) then simplifies as follows:

1= =25 [ (2%, -4(1-2x5)(~x;)] 2V 2(1-2x,)

=[x+ (1-2x )] V2=, ) (1-2%,) ®)

Although input x, of equation (8) may change on a sample-

by-sample basis, the following terms, will be constant since
x, will be constant:

.2
ky==x,

©

k=1-2x, 10)

As will be explained, the values of constants k, and k, can
be generated and stored prior to receipt any input x, and are
thus referred to as pre-computation constants. Substituting
the values for k, and k, into equation (8) results in the follow-
ing:

1= [[k x| ] fley (11

The simplification of equation (11) means that in order to
compute a value for parameter t, the arithmetic operations
required are one multiply, one add, one square root, one
subtract and one divide. All of these operations can actually
be implemented using only add, subtract and shift operations
using iterative math, as will be explained.

Note that equation (11) will provide an unreliable result
should the denominator k, go to zero. As indicated by equa-
tion (10), this occurs when the value of x . is equal to 0.5. Thus,
when %, is equal to or near 0.5, the following alternative
quadratic equation is used:

1=2¢/[-bx[b*-4ac]"? (12)

Performing a similar set of transformations as was carried
out above for equation (7) for the alternative quadratic equa-
tion (12), the value of't is as follows:

t=x/[fle+>x]P+x.] (13)
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where
k1 and k2 are the same
as defined in equations (9) and (10).

Inthe actual implementation, a choice is made between the
two forms of equations (11) and (13), with equation (11)
being used unless x_. is greater than 0.25 and less than 0.75 in
which case equation (13) is used. Note that the pre-computa-
tion constants k, and k, are the same for both cases.

Once parameter t has been computed, the output y, can be
computed. The equation for y, is equation (4) above. Equa-
tion (4) can be reorganized as follows:

Yo (1-2y )+ 21y, (14)

The following pre-computation constant can be used,
given that value of y,. for the control point does not change:

ky=1-2y, (15)

Thus, equation (14) can be rewritten as follows:

Yo~k 421y, (16)

Regrouping equation (16) results in the following:

Yo=tlthk3+2y,) an

As indicated by equation (17), y, can be computed from
parameter t using two multiplies, a shift and an add operation.
Again, the multiply operations can be actually implemented
using iterative math.

FIG. 7 is a state machine 58 that controls the operation of
the Non-Linear Compensation block 48 of FIG. 4. FIG. 8
depicts the various arithmetic logic resources available for
first determining the value of the t parameter and then the
curve output y,. The inputs to the state machine 58 include a
clock, a reset, a curve enable signal and a curve start signal.
The inputs to the logic circuitry 48A of FIG. 8 include the 12
bit stored values x_and y . of the control point P1 that defines
the particular compensation curve to be used.

FIG. 9 is a simplified flow chart illustrating the manner in
which the State Machine 58 and logic 48 A produce the com-
pensated y,, output utilizing the x,, X, and y,. inputs. As indi-
cate by block 60, the computation commences once signal
curve_enableisreceived. As indicated by block 62 of the flow
chart, the three pre-computation values k,, k, and k; are
produced, with these values being based upon a particular
control point (x_, y.) but are independent of the uncompen-
sated LED drive input x,. These fixed values are stored and are
used each time input x, is updated.

Pre-computation value k, is produced by multiplying value
x,, of the stored control point by two as indicated by block 83.
The result is subtracted from the value of one as indicated by
block 85 to arrive at k, in accordance with equation (10).
Similarly, the pre-computation value K, is generated by first
multiplying y,. of the stored control point by two as indicated
by block 87 and subtracting that product from the value of one
as indicated by block 80 to arrive at k; in accordance with
equation (15). As indicated by equation (9), the pre-compu-
tation value of k, is equal to x_2. One value of x__ is provided
to a multiplier circuit 86 by multiplexer (mux) 82 and a
second value of x_ is provided by mux 84, with the product k,
being located in a holding register 88.

As indicated by block 64 of the flow chart, the state
machine 58 then waits for the uncompensated drive input x, to
be updated. Once that occurs, the value of x; is tested to
determine if the value is near 0.5, that is, the value is between
0.25 and 0.75 as indicated by element 66 of the FIG. 9 flow
chart. If so, alternative equation (13) is used to solve for
parameter t, otherwise standard equation (11) is used as indi-
cated by blocks 68 and 70 of the flow chart.
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Assuming that equation (11) is to be used, the value of
parameter t is then computed as indicated by block 70. This is
carried out in multiple steps. First, term kX, is produced by
multiplying k,, selected by mux 84, with x,, selected by mux
82. The multiplication is carried out by multiplier 86. The
term kX, is then added to pre-computation constant k, pro-
vided by holding register 88 using adder 90. The square root
of'the sum is then taken as indicated by block 92 to produce a
value (k, +k,x,)"'? referred to as sqr_root.

Value sqr_root is then used to solve for parameter t in
accordance with equation (11). A subtractor 94 produces a
value at the output of mux 96 equal to the difference between
sqr_root and x .. A divider 100 is used to divide sqr_rootby k,,
with k, being provided by mux 98. The quotient corresponds
to equation (11) for parameter t, with the parameter being
stored in a holding register 102.

In the event equation (13)is to be used (block 68 of FIG. 9),
the value sqr_root is computed in the same manner previously
described. Next, an adder circuit 104 operates to add x_ and
sqr_root, with the sum being provided to divider 100 by mux
98. The value x,, which is provided by mux 96, is divided by
(X +sqr_root) using divider 100 to produce parameter t in
accordance with equation (13). Once again, the parameter t
value is stored in register 102.

As indicated by block 72, the value of parameter t is then
used to solve for the compensated drive output y, in accor-
dance with equation (17). First, the previously computed
value for parameter t, selected by mux 82, is multiplied by
pre-computation constant k; selected by mux 84. Multiplica-
tion is carried out by multiplier 86, with the product tk, being
held is register 104 as value mult_reg. The value y_ is again
doubled by x2 multiplier 91, the product added to the value of
multi_reg using adder 106 and the sum is selected by mux 84.
Parameter t is selected by mux 82, with the outputs of the two
muxes being multiplied by multiplier 86. The product is
t(tk;+2y ) in accordance with equation (17), which represents
value y, which is the compensated value for the uncompen-
sated input value x;. The 12 bit value for y,, is held in register
108. That completes the computation of the compensated
output y, derived from the uncompensated input x, as indi-
cated by block 74. The value of y, is then used to drive the
LEDs (block 76) until a new value of x, is received. When that
occurs, the sequence proceeds from block 64 of the FIG. 9
flow chart so that a new value of'y, can be computed.

Thus, a single control point P1 can be used to define a wide
family of curves which can be computed to at least the 12 bit
accuracy of the uncompensated drive input x, from the Adap-
tive Dimming block 42 (FIG. 4) without resorting to interpo-
lation.

Is has been found that parameterized quadratic Bezier
curves of equation (1) provide adequate compensation accu-
racy for most applications, with the single control point P1,
comprising two 12 bits data points, being easily stored in
non-volatile memory. Multiple control points can be easily
stored to provide multiple compensation curves if desired.
Bezier curves of a higher order, such as cubic Bezier curve,
could be used. A cubic Bezier curve can be defined by a two
control points so that such a curve can be used. However, the
use of higher order Bezier curves is typically not required for
matching most uncompensated driving signals and the use of
such curves is at the expense of increased computational
complexity and increased data storage requirements. Note
also that the I,C interface of FIG. 3 can be used to program
and reprogram the control point data x_ and y,.. In addition,
although the compensation provided in the forgoing example
results in an overall linear response, in some applications the
desired compensated response is non-linear. Thus, as previ-
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ously mentioned, the present invention can also be used to
create logarithmic or exponential ramping/dimming func-
tions.

Thus, a novel approach for compensating a LED drive
signal has been described. Although one embodiment has be
described in some detail, it is to be understood that various
changes can be made by those skilled in the art without
departing from the spirit and scope of the present invention as
defined by the appended claims. By way of example, although
the present invention has been described in connection with
driving LEDs, it would also be possible to provide compen-
sation for driving other types of devices.

What is claimed is:

1. A device driver circuit suitable for driving a device
characterized by a non-linear response to drive signals, com-
prising:

driver input circuitry configured to produce uncompen-

sated drive signals (x,) associated with a device non-
linear response curve;

compensation circuitry configured to receive the uncom-

pensated drive signals (x,), and to produce correspond-

ing compensated drive signals (y,) based on a paramet-

ric quadratic Bezier function B(t) with an associated

compensated device drive curve, where B(t) is charac-

terized by

a fixed start point and a fixed end point corresponding
respectively to minimum and maximum values for (x;,
y,) on the compensated device drive curve, and

a pre-defined control point P, characterized by coordi-
nates (X, y,), used to generate the compensated drive
signals (y,) according to B(t),

aparameter t with a range corresponding to a normalized
value from O to 1;

the compensation circuitry including compensation arith-

metic logic that instantiates a parameter function, and an

output function,

the parameter-function arithmetic logic generates, in
response to at least (x,) and (x.), a corresponding
parameter t value on the compensated device drive
curve, according to B(t), and

the output-function arithmetic logic generates, in
response to at least the resulting parameter t value and
(v,), the corresponding compensated drive signal y,,
according to B(t); and

driver output circuitry configured to drive the device based

on the compensated drive signals (y,).

2. The circuit of claim 1 wherein the parametric Bezier
function is a cubic function with two control points P, and P,.

3. The circuit of claim 1 wherein the quadratic Bezier curve
may be expressed as x, =2(1-t)tx_ +t* and y, =2(1-tty,. +t°.

4. The circuit of claim 3,

wherein the parametric-function arithmetic logic includes

one multiply, one add, one square root, one subtract and
one divide; and

wherein the output-function arithmetic logic includes two

multiplies, one shift, and one add.

5. The circuit of claim 1 wherein the device is at least one
light emitting diode (LED), wherein the uncompensated drive
signals are forward currents for driving the at least one LED,
and wherein the device non-linear response curve corre-
sponds to human perceptual response to LED luminance.

6. The circuit of claim 1 wherein the uncompensated drive
signal (x,) and the compensated drive signal (y,) are digital
signals with substantially the same bit accuracy.

7. The circuit of claim 1 wherein the compensation cir-
cuitry stores the control point P1 coordinates (x_, y.), and one
or more constants k, derived from (x_, v,).
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8. The LED driver of claim 1, wherein the uncompensated
drive signals are forward currents for driving the at least one
LED, and wherein the device non-linear response curve cor-
responds to human perceptual response to LED luminance.

9. An light emitting diode (LED) driver suitable for driving
an LED characterized by a non-linear response to drive sig-
nals with compensation, said LED driver comprising:

driver input circuitry configured to produce uncompen-

sated drive signals (x,) associated with an LED non-

linear response curve for at least one LED;

compensation circuitry configured to produce compen-

sated drive signals for the at least one LED from the

uncompensated drive signals (X,), and to produce corre-

sponding compensated drive signals (y,) based on a

parametric quadratic Bezier function B(t) with an asso-

ciated compensated device drive curve, where B(t) is

characterized by

a fixed start point and a fixed end point corresponding
respectively to minimum and maximum values for (x;,
y,) on the compensated device drive curve, and

a pre-defined control point P, characterized by coordi-
nates (X, V..), used to generate the compensated drive
signals (y,) according to B(t),

aparameter t with a range corresponding to a normalized
value from O to 1;

the compensation circuitry including compensation arith-
metic logic that instantiates a parameter function, and an
output function,
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the parameter-function arithmetic logic generates, in
response to at least (x,) and (x_), a corresponding
parameter t value on the compensated device drive
curve, according to B(t), and

the output-function arithmetic logic generates, in
response to at least the resulting parameter t value and
(v,), the corresponding compensated drive signal y,,
according to B(t); and

driver output circuitry configured to drive the at least one

LED with the compensated drive signal.

10. The LED driver of claim 9 wherein the parametric
Bezier function is a cubic function with two control points P,
and P,.

11. The LED driver of claim 10 wherein the uncompen-
sated drive signal (x,) and the compensated drive signal (y,)
are digital signals with substantially the same bit accuracy.

12.The LED driver of claim 9 wherein the quadratic Bezier
curve may be expressed as x, =2(1-t)tx. +t> and y, =
2(1-t)ty,. +t* and wherein the compensating circuitry operates
to calculate a value of parameter t for a given value of X, using
X,

13. The LED driver of claim 9,

wherein the parametric-function arithmetic logic includes
one multiply, one add, one square root, one subtract and
one divide; and

wherein the output-function arithmetic logic includes two
multiplies, one shift, and one add.

#* #* #* #* #*



